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ABSTRACT

A hypothetical port facility in a theatre oif operations is modeled and coded in a special
poirpose simulation language, for the purpose of conducting simulation experiments (in a
digital computer. The experiments are conducted to investigate the resource requirements
necessary for the reception. discharge, and clearance of supplies at the port. Queue lengths.
waiting times, facility utilizations, temporary storage levels, and ship turn-around times
are analyzed as functions of transportation and cargo handling resour'es, using respoinse
surface methodology. The resulting response surfaces are revealing in regard to) the sensi-
tivity of port operations too transpoortatioin resource levels and the characteristics of the
port facility's luoad factor. Two specific conclusions of significant value arc derived. First.
the simulation experiments clearly show that the standard procedures for determining dis-
charge and clearance capacities take insufficient accodnt of the effects of variability. Sec~ond.
the response surfaces for ship turn-around times and temporary st~orage levels indicate that
an extremely steep gradient exists as a func~ion of troop levels.

INTRODUCTION
The primary objective of Ithis paper is to present the tesuilts of somre sitmulation experimetnts de-

signied to investigate the troop requtiretments necessary for the reception. discharge. and(l learance of

stupplies at a port fcltina Ihare of operations. A secondary objective is to illustrate the power
(if' simulation in flthe solution of tranlspourtationi an(I logi 'tics problems of1 the tyvpe c-onsideredI herein.

'rie~ tuagnit ude of logistics problemis and the inatdetuacy (of standard practice !uugistics mnanuals and
tabls haea habeen wellou dbt o ruente nd b Vi(etnram. T; i 2wo has vitv(idl dhelgstcrie thenin operatio

tioneibeenreavhas bein woth doruaeand by Genea Garvin The whomhasitivoflt dtescrgibed- flit-in opera-io

(,etwral F. S. Bess on. Jr.. ( otttmantlimg Gen'eral of t he U .S. .Army' Materiel Command, has re-
cent ly desc ribIed the tia p re of Ithe lougist ics in .bl emi in V iet nam f ur flthe I ay ian itt a pi pti lar new 5

tilagazin t111l. Periouds dutirintig whitch i i nadequttate s uppldies were a vai lable fi in consumtiot ti n in thfe field
its Well as high fihett rates have beetn described in fthe press.

.A MODEL. OF THE PORT
Eff'ective port operatiotns derive fromi fithe right combtinationt of an atdequtate purl flacility. essential

cargo handlitg eqtuipment, ýariottsly trained personnel. and stifhicient t ratnsportation. 'rite cotninijt-
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men *ii ese* tre-Airvo- r l s I usI jonividei alt Il' agtiilIto re~ei ve. dischtarge. and 4'lear fit-lme-:i

cof arriving cargio.

,nit.. utejtll Imert tettisidltredt in I lielor exjH'rimmitts is pici ired in Figutre 1.

INNER HARBOR ANCHORAGE TAN4KER
0 POINTS ANCHORAGES

0

0

0

OPERAT IONS WHR

The tnajtlr amsumlttflhtots e'ijtlpi~ye' if] 11ik t1itoldtl 111" naited bitlow:

1. The poirt facilil y wtas establishetd as fixedo during the lime~loalt willit wlh~ic tile inivest igat uron was

ct'itwerned.1 See Figure 1.
2. Tme dry ('argm Zind P1"O. Wl'troileum,. Oil. and14 hibarivatit) ship itit et arrival t i ni- %Nerv assieninet

Ito be independent and exponentially distributed ion an individual ~hip basis- with i'eetntatt meati

intter-arrivatl timtes.
13. No) voinstraints were placed uopon troop levels itt this si ttdy: Ii.''mever. fi t-' i'xi~femiee illt Ireoip

comnsiraints (-at lbe easily c~onsioIered withi a slight nitolificatii onto this imoll' de.

4. A co~nstraint ion available rail transportatioin was es4tablished al vight trains.
5. A~ vionmtraint on available transplmirttttiomi foor litilk h'()h was i*stzlisllied il ut ire'. medhi initnitek

comipanies anti floutr trains.

This is a r.'asenutbtq ImtIemnd fier timprtl uitwrutieoe ill a ri.ets1 oitv'itfei thcijore 0t 'r % *~ . il iii ~ ill
hie ioutir.v'dt at soee, litl- At iew'-siigal isn cot thm insl'pntrise.mewe't is it Urositfiet area fo r Ilien her si ceqtý

2 4 uCivimo arrivals i"f varvihmp size- recieti lee r'ist s niie ilittroI if %iiee'tem anrrivat liie'li't was aotetir-lorta' I ht. tlrnt .tiii t'.iiig

stiwoje'et. tol thNK uilelt. tilow twtwee',i dtry .argec noel 1'01t. Aiils arrivals huam- flthe 6,1tI,.wieue 4* timl% fil to' im,,

D~ry Carirpe: fin A,-All : -1

1,01).: RUj-~ Af,2 Yl: t -
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03. A 4'tiiistraint ion th leniipairary strnrag t if* lolk 1,01. was estaublishuedal 98001 shlai 14011. (thea
tIpmut's VL()l tank farmn capacity).

lIn t his researeh the results arv tonly valid fair the amsmitfoud arrival and servite raate- andl nuidtel
striturmaW a-. describedl.

A~s ioatedi. I lie inter-arrival tjrnis fair shiip-, woara astuinniitoo lo I i .mat ually aualevenenatut. vX*1piiaeui.

tiallv dilstributed ranidtili variabiles. D)ry carga %hips arrive at a mnean inter-arrivalii f Il lut)30imirs
th, -- I1/311 wit h a Itiad tio 5,0(X) short toons. I'() I tanukers arrive at a mean inter-arrival timti. tif HI0 higiir%

a 2  /8)) wit h a Ifiati (,I 8A4M) slAtom Itons(f tihlk 14' )L.
Thie service- times (tunies tot unliata shuip) were also) taken tol be inuttualb.ala-pAt-uletidet. exixiineli-

lid hi alist ribmuleal raiidlom variables. Mean l imes fair varitiuus services were hmi -i u~p. uiiiOut capmabilit ies

ats deIscr-Iibed I ula iwl41:
1. L ight Truck Ctinpany-35O sh4ort tmiis per (lay aif cargai (4 toons per t ui-auk). based ,tn 75) percent

availabailit y adf ve-hicales and twoi line hauls daily.
2. Nhltiaiunin rrtjek Cainpany-i A)5( short tons Iiir daa oif var-Oa tair Ia0M it eqjuijijed withI pet raleuill

st-iii-t railers). based ion 75 liren-ut availability tol' vthuicles anal twqo line a* idtll thil)>

3. Termina Servive (:tiilpany -oiperatin~g tin a 20-htiur dlay. two -- itiil lausis: discharges tinle

-Atandautl five-liataca shlip and loadls 'intoi available traistaaiutatimin 7WM silmiir t.mu- id vargii dalil%. air l~atis
aintia available I ranspairtat ita 840) short toins 4af* aargoi frirtim tempmiaiary !.tairmig ba il%

4. A naliuiniiiis lrruck Cainiapny-tIranspairts, 700( shoirt taIis of ca r-1aa dalily. biased ton all avail-
ailoilit% iif' :0 ve-lhicles carrying, 3 tons per trip anid umaking eighi trip% lier tla .

51. Railway Operatifan Bat talimn - aioierates anal muainitains. thle eight t rains. va-th (if which can
tran~jairt 71W) slitirt toins til' cargo) Itsififiew~ piatroiala-um taniker.; are availabile to, calidia fiiur trains.) dlaily.

THE SIMULATION MODEL

Ilt- caimpiii ter prtigrainr s were written uh .- G S Ill. a =taa. -ial-impum iaiv simnulatitan language

lara vided biy thea IRM 4ctarpatrait in 15. 6. 71- The languiage- is ut-1 -mlste-a Ii ta e t ie tirdy ta4 parildena which
anlie- reammainlyl viewedl as large-scale discrete- [u)it 1it1w aridl qutelling jiraibll-ns. 1t is a special purpoise

vcimpiaitar lauiguuage with, its aiwn cainitiler. alliowing tile auaaly.I to, ales-rilie the simuilatiti n aidel in
.real woprld languuage.- thierteby shifting at great deal tiC' the- trauislat it in task too the capirnpguter. A GI1SS
Ill siunutlatimiin mialtl is written iii terms tif lthe paraagrain's I I et itie-s anal t heir respect ive attributes 151.
The araiuraruaner must simiply tuntderstandl thle Iminctitinsi ad a set etC* flaiw-eliart %vinliiihs and tile rules
laipr cairnhining theni. Once thle analysis ana liv d11%aiagramr tire ttai gileteal. thet jartigrami is easily written.

rueo gaiieral huli dalarain la4ir ther nimiaha-Fs qlrn cargai Jatartimii is reflected in Figtirt- 2.
W hen a cargo, hipa arriles. if will qut~iia hiefaira- entering 1 lit. inlrer liarlaair. The iiiner liarbair is

tt-tedtoo ti tieterunina. if its curate-nt is~ less than 12 sltii . If* spavt- is available the shipi will enter the harhatar
anal dlepart thre am-u-i ffir theii inier-liarhaar. The shlt will then test ti) dleterminue if bertl Ii eintent is less
luan six (thlit numiber oi' lit-rtlis availabale). Base-a uilmnu tlet*aiutcanie 4tiChis test tl( lenautering ship will

oia-vutip a-it her a hiert Iiair anl anchutiragP. lIn each line- the shiips will tInt-Ie and seize (etaiccrga) thle servicet
iilnias nea-a4-osarv fair uanltiating. Upoian ilalaining thle net-deal servive uiit(m). seven dupilicate -tran%-
actmios- are- created. E-ac-h aif the dupalicate- Iransactitmns reparesenits 7M) toons tiC' adr% vargai. whereas
the 4original "transact iain t-aantinut-s taa reparesent the ship anad the last (M) taon unit #if cargoi til be tit]-

'Shaips. with an ttrtta ut-a-a only a tr-rnainanl searviaa- eeamghain. Shipit with an atna-tuaroig- ra-qguire- an icraninal mervk-a acomtpany
maidal ia aaaatetilpi.m.a. niLrc vm.iiapanaa
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FIGURE 2. General flow diagram (dry c'argo).

loaded. The model easily identifies the nature of each transaction by the assignment of appropriate

parameter values [5, 6]. The transaction which represents both the ship and cargo is unloaded last.

If transportation is available, the cargo is unloaded from the ship to the transport means, and it

is moved to the depot area and unloaded. 11" -:,?sportation is not available, the cargo is unloaded into

temporary storage, where it must queue for transportation and a terminal service company. When

both service units are available the cargo must be loaded, moved to the depot area, and unloaded.

As can be seen, the availability of transportaton at the time of a ship's unloading is a highly detsirablh

state of successful port operation.

The PO, portion is somewhat different in structure from the dry cargo portion. The general flow

diagram for POL is reflected in Figure 3. When a tanker arrives it will queue before a PO. anchorage

and test to determine if its contents are less than two (the inner harbor's POt. tanker capacity). On

an affirmative to this test the tanker will depart the anchorage queue and seize t-ccupy) an anchorage.

Upon seizure of the anchorage fao'ility. I I d'jplicale transactions are created. Of these duplicate trans.

actions, the original one continues to represent the tanker and the last 700 tons of bulk POI. to be dis-

charged. Due to the lesser complexity of the P(I. portion. as compared to the dr) teargo portion, separate

event chains are created for each type trinsaction. The duplicate transactions are simply given a pre-

emptive priority which insures that all duplicate transactions are discharged from a tanker prior to
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trains it, hiandle the( expeeted-t tqaiij input of* (Irv v.rgee. Addeitioenally. it wa-s dlettrmintei that Iliree
miediui,, trofck vienipatnies antlcde trivInin weeiild Ili, rc'ciiired tot handle Ihve xpce-ved daily input of bulk
P ( Ml.. Ani intitial %imulation run %~:I- madelt emit thils basis withi a small ittargn oif Ullotwanve for variability
,pi arrivals acid serv'ive rit -ý. F'ighti termiinal servive eompljatties and 13 transloortation unints 14 light
trut'k. 35 miediumi I ruk. andti Ir iic,) were uitilized withi this firsm run. 'rite re-sults rellmvted that the

-' stoni ('401l1l not re-alize it -te tav *t- a te she inner-hiarbccr quneues fir varget shipl% andi PL( )l.Iaiker's
prc'w wihotItci bound. Tlii- re'eillt kOa aatttivijcatt'. and sittitilatioti was vonditeteil ztt these' levekl tot deter.
miine the time reqtuired tit %atijr.il. the' systc'tn and de'monst rate' tilit- laIlibijljy Ill IIte iircst'rilped pro-
4cedures ficr decterminini~g elisellia rv- mill Oearant'e eapuji jes.

Based onu the resuilts eel tw hi' it al sitnitilat icon. a twee-favtecr experiment was tlesigric'ei as. leellows:

N umbier ofl Numbneer tor *erc cntSo'rvivi- Compantiifies,

I 3 t 2 ti 10

312 It)C -2 F-2 F-2

R ESU LTS
The( significant result, are- rtle'eted in Tables 1 through 5 whieh shI~w foir each expleriment It 'reat-

jilent), mean. queue lellgi Its. me14an Waiting limtesA. inecan waiting times given a wait E(twlw > 0). muajoir
I'ateility utilizations. and -w~e'ivce -,hill atnd tanker titrn-areund times. rempective-ly. Tite most strikim-
.isptetl of these result, k~tehg eni vty.f h'ssem t i ubro asot ei

units pirovided.

Based oin the infecrmai-nati reflectedl in Tables I throcugh 5. experiments A-2 and A-3 tire' giveln
not further eonsideratieo tlue' tint Ile' smtall realization front thet additional terminal service eoi~tt Va-

vompared tot experimntes 13--2 ald 11-3. ExPe-,im'otlls D-2, E-2. F-3. and F-2 are given no further Oll
~ideration (hue to eavh tcrv c'ittiuilet etie'id's) of importattee whieh are- grocwing without hound incljietill-,
instability of the- systeml.

hAtiL I. (,)m'Ut' Leriphs of Imptcirta~twe

Omer 1 10 1. ie e'e eeii e'fltu Lodn

(P-2t 0.27) 0.111, 41.01 (,08
011:2)01500 0.11"O i 4111 lilt

C1-2...........................tpat 0.07 ccmo j) 1111 V.t M

CI :-......................... 41.t 0l.e8 0.411 j .52e

D -3........................ 0t0e 0.12i RONtE 0.11 )).

I F- ............ RItto 29,70 st t171.61 1 (19.1,
Itt E-:............1.22 6,9l f 1 7 12 73i

F-2 .................... 1 7.111

Best Availiable Cr..
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T:AIBLE 2. Wa/iting Times of Imlportance

i .'llManlimegranna~ctin

(hit,.r PIl, "emgpraitire Ioading T,,tal

"mperrtforrFstr~oragu,

i A 2 ..... ................................................... 16.. 00.' 0.) 0.4
% 3 .................... 0.40 16. 2.3.9 0.79 3.25

It 21 ......................................................... o...• 00. 2 I. I O.( , O).N ) 1.(75It 3: .....1.. . . . . . . . . ., - - . . . . . . . . .* " * . . .*" ) .8. 63 3 03.66 0. 0 14 0 0134
C:-2 ............................. 0.24 6.41 1.403 135.7) 15.19
(: -3 ......................................................... 0.21 M0. I 1.58 12.77 14.35

I)- 2 ......................................................... 91.52 873.72 115.63 603.034 175.6.3
1D-3 ........................................................ (.00) .29 0.00X) 119) ().(X)
E-2 ......................................................... .x) 9.71 236.09) 75.501 311.59

E- i ......................................................... 0.00 184.82 U .77 54V . 13 91).90)
F- 2 ........................................................ 465.5I 158H.14 184.07 A)A1.(• 274.11

TIABF 3. Wa'itini.g Times (I/u > 0) of Importmnre

Me.ant iral,,t ran.mu'li.ill Q

Outer I'( 1I. ". Teii ,,ll uwr ,.ii I-.,inli j Total
harhinr al frage. If•hrage telliarpilrU r' sloritg

A-2 ....................................................... . 0.(0 :17.63 0.00 03.00 0.0 )
-3 ........................................................ 0.0 ) 31.A4 8.79 5.00 13.71)

S . ........................................... . .03 ) 50.50 : .2 100. ) 13.27

II 3 ...................................................... . 8.150 28.50 3.80 00.( ) 3.80
(:-2 ....................................................... . I 1.0X 28.20 1.741 24.61 29.31

-3 ............................................. ........... 6 (4.5. 25. 7 29.7

I) 2 .................................. . ............ . 1(09.33 913. 15 128.703 62.9t 151.6&
I|) s; ......................................................... ){} 214.89 0 0 ) o o.( ) (0.I1,
I E "2 .............................................. ...I ...I- ..I... j.M 1909.71 2-13.0 7 77.5 1 32 1.1t

:................ ......................... 0.4N 2 I5.16 54.418 54.63 10Y) fl
F 2.... ......... ........................ 4198.01 1 170,4.3.4 191.36 94. 7 2H"..;

--.... .. - - - - --. . _......... ..~

"TAB.LIE 4. MIhajor lftrility I~ iliz•tiim (Storages) ___,

F'rili~m ,st lime, ,itili/vof Tilliet 1l1,111r')

h,,,, .. mit. ~ r.,, Trt,,*l,,, ! imI' . .r I m r n Ir )mf PO r1
I ,I', I,'lh -- ,ene -flll v''1t lattitl unimihtr l~lld harbor IIurl ,

.\ 2 ........ 0, • '"Ito 74.. ; 7 l ~ ,7f l7 1',1Idl{• IT

% 3 ......... .. . .'.. , 0s •7nb ,3,,5,11 01(1.15 169.77 66.57
I1 2 ............. I - Ii) ''.1>17 'I. 111 1.7177 (1.50•4 1 10.15 73.W|
I, : ........ i.. . 1 -18 1133.62 55.7!

i: 2 ......... . :.7311 11. i~ ~ lV 'i.NU2, 0...9f 1 ' .6 t(6.3A43)
" :................ |)."ar;-III6, ,'(1 { {),7141 "_ "It.%le. 0.,.( 1" 181 -,;T IX 14 72JOE

I)- 2 ................ itg 0.941311l 0.'9121 1 7..3133 0.8t'149 H:fl 3I1.28 467.6.0
D -3 ............. 0.511,1 0,.821.1 0.3135 0. t127 0.64187 ..u 131 179..3 61.0)
E- 2 .............. I.4(34 I3 .9{(33 I 4O.4p•') 1 i .0f)67 0.9394 1.I34O3 ! 39(3.75 1215.64)
E- :............. 41.66501 4.8,6 0 1.78-11 03.60316 0.9X021 (0.775H 216.43 115.13

F--2 ............ IM.P•..4, Vi .0* 8 ().9W')7 (0.5996 938.'352 0.4)013 4 17.31 10.1.30

3e~tAvai CO
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"l'ABIt. 5. Aggregate Ship Turn-Aroutnd

Time Ihouro)

Dry inido 10()I. promhtet

A 2 ........................... 168.54 98.37
A-3 ............................ 169.77 77.04

H-2 ........................... 169.15 94.08
B-3 ........................... 194.10 62.03
(:-2 ........................... 195.10 69.41
C1-3 ........................... I89.35 K3.47
D-3 ....................... 395.80 1339.32
D-3 ........................... 179.43 71.18

9-2 ............................ 3W .75 3215.31
F-3 ........................... 216.43 30.5.15

F-J2 ............. 5............. 82..5 26.32.44

ANALYSIS OF RESULTS

Of those experiments retained there is little basis for making a choice among them as to the

optimal operating policy. Queue lengths an(d ship turn-around times are acceptable in each case. Of

ti(e results portrayed. the points on the three response surfaces (Figures 4-6) are the most revealing.

in eat-h case the response surface appears to he relatively uniform when the system is not saturated:

hlowever. as saturation of the |ort's facilities is approached, a significant warp appears in each apparent

response surface. The gradient. whi'h each surface displays. indic'ates that the system is considerably

more sensitive to the transportation unit level than it is to the level of terminal service companies.

In a qualitative sense, it would appear prudent to select the higher transportation level and to then

082 05 hrs

400

200 I

I H

9 '"0• II 12 n3 14

TERMINAL SERVICE COMPANIES

"II;I'E ,4. Re.•spntge, murfac'e points. .argi ship turn-anund.
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Figii~ re 6, Hrelmonse surfa'e imints, ternl•irary lat-ragze.

c'hoosi a terminal servi(.e level on this basik. Of c'ourse. some troop) ceiling or consttraint is ne~eded it)
give this method (if selec'tion real signific'anc'e. It is also) evident that the gradient is nearly flat until
it begIins to am('end., and that it then increases markedly. This Wouhld indic'ate that lthe logistics planner



2f)8 It%% is. jit.. I t .%l tW jlN \l %- I) II:

e~ er. it % 4oh% Ii iii N - tIu aIiitat ite vi a I si wits reat! I y alfiirded froim the sinmulat ion's rt'suIlts. Tw1o) Spe( ific
(Iil iLIdficanmt %alue wcre' derived. Fizrst,. tile- sinitilat ion clearly siows that tile stanidard

pirmf-i'lil'.' 1401 J:tcrl4riuiil disi'I''rgci anld clearance 4'apacifies take jnstilfi'jemit at'vliiit tiit'llie ffrt'ts

,of %m i;riilj1%i Ml Ilii Si tlli. Idle s'Iidl('5t itsai;i'tci'VtorvIlli level waIs jirq~i~i4Iel ini (opierating plllil'\

1) 3. lhiii pidi( Hdiuated ý253 ierentl 4'lomimiljlmient lit transplirtatifin andi a 138 perc--nt vmiiitmiment
oil' Iermi~ii~l -cm( v im 105ils initared. toi the Ievl'is det cril iiie( h)~ prescribed mieillimls. Se4'lind~. thei

lespIlMli, Ni10,-1.4 1 4I'ir 11-arli4lil4I tunles andl temn1pihrary stý)rage levels indiciate' that ani extremely'l 5t4'l'

grad4 ie p t c~'l as a filic4timi Iil' t rmi ,i levelIs. Tel 14'r ire, arrival rates must bI e ac(caeIVpedc 'I 1

it it f'r t% v i iti pi i i 11 its I it- Pr oine (Iw Iti W it' Ii n111 o q i ci i migs a ret( etet'rmini di (.
The4 a ppnac 1414 I th ie imbilem lii il this papt-tr has bieei at the field i * an U al level. using theli mind (of'

diat a a141iId illhoimitat in a vallaide t ii a g-e lera I staff. The t'flh rt hias been to m4iiake tii is 1114 idel as gelera I
411141 also, a, tii'.dbI4 it till fieldi mianual. lThe tradeofi between effllrts ini adapting this siniil'til-.iii toi it

real jinib44lem and l in pre';arhing a de4tailed4. hilghly siipiiistit'ated simulation oil' a speifticht'urblitr 4'iomii)ex

is part itlal% 4anI igiiificanlt. It (anl lie measuiredt .ja miani-houirs versuis inami-vears andt thluls pre'sents at

p lanin li g a id 1,41r rapid i (1' mt ifir at limi of' feasibhit alt ernativyes. lIn pract'Iice. it appears t hat such'I alet tria-

ti vl' al'it', t H' Imle' (mit 41 plan nimig tiniteel tres t'tont ai nt't in ciii rrt' lit H mi!!ialnuals. A I tlhoglI thli' (4114'Ii-

' id., of t papt'r simnjilv veriil\ what has been well e'stablishiedt im. the14 analytic'al (tilart4'rs, thiey dti
ii' II ;s it d sig-iifit'ant dleparture frtmni I to exist ing field manual planning valuies. '[his tll'mliist rate't

lt' iarnr t 14'I' rt'stnt.s thlit rel' I (' ilntibut ilIn 4it thle papt'r.

T-- be stirl' suchi fhu'tirs as variabdilty in ship arr' Ais. ship loads. iberth iirmitlctivitý. inland tranis-

ait d I md e it'sI ('41 li111ii i ie4s are' imipoirt aiit ion siderat 4imis in aniy part ic'ular po rt pri 1)14'mu hitowevt'r.

Own-r is ail avs 1hIn t radeoifll betwe'en m~dll' ct'mlllptxity anti e'ase ' Idminioing, (,lSS III is capable lit

ill irtil ia tim h igsu I 11111 t~eifit' , i bu'. it sinc cu'4 (rren mt (tli'1rimia IA'VIflrences 'IS it mo' t yet reflet ' t lt' lit'tatels

it thlov, e'stabilished( anialytic'al pirinctitples. it s4eemls apprlqiriat4' tto sacrifice4 l'4imple.xitl fior siniplicitv

in an efi'trit too illustrate' the f'allibility 44 '0 crrenlt ly tprestcri bed prt t e'ldires fim' dleit'Icn illmg dlist'hlarge

.1c,aramit'e catpac'itie's. This imii(iel is an c'l~rt at such1 amn i;ltistratimii ulsinig amn ''off the( shit'f'' ca-

i,,olh It is' liiipiefuilly. undeltrst antdable at till tield4 man mal lt evel anmd adIaphtaide t Ii geniaml stStaff pri b-
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